the addition of 147 mg vanadium oxide and 1.2 mL acetone, stirred for 10 min, and transferred to a microwave glass tube with an inner volume of 35 mL. The reaction mixture was heated to 210 °C and kept for 1 h in a CEM Hybrid microwave reactor. The resulting product was filtered by filter paper and rinsed thoroughly with a large amount of Milli-Q water and ~20 mL isopropanol, and finally dried in a vacuum oven at 80℃ overnight. For the synthesis of ZVO and CVO, 117 mg zinc acetate dihydrate or 133 mg cobalt acetate tetrahydrate were first dissolved in 18.8 mL milli-Q water. All the other experimental conditions were the same as those for CZVO.
Characterization: Powder X-ray diffraction (XRD) measurements were carried out on a PANalytical Empyrean equipped with a Cu Kα X-ray tube (45 kV, 40 mA). For the morphology study, scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were performed on a LEO 1530 Gemini and a FEI Talos F200X operated at 200kV, respectively. The scanning TEM (STEM) studies using an atomic number sensitive, high angle annular dark field (HAADF) mode were complemented by spectrum imaging (SI) using a SuperX EDX (energydispersive X-ray spectroscopy) system in hypermode. N 2 gas sorption measurements were taken on a Quantachrome Autosorb iQ at 77 K. Before the measurements, the samples were outgassed at 100 °C for at least 24 h. The surface area was calculated by the Brunauer-Emmett-Teller (BET) 3 method and the pore size distribution was determined by a density functional theory (DFT) analysis using a nonlocal DFT (NLDFT) calculation model for nitrogen at 77 K based on cylindrical pores in carbon. X-ray photoelectron spectra (XPS) measurements were performed on a Sigma 2 spectrometer (Thermo Scientific) using a polychromatic Al Kα X-ray source, where binding energy was calibrated taking C 1s = 284.8 eV. For ex-situ XPS analysis, all the electrodes were thoroughly washed with dimethyl carbonate in the glove box beforehand. The obtained wet electrodes were naturally dried at room temperature in the glove box before being quickly transferred to the XPS preparation chamber to minimize their contact with air.
Electrochemical Measurements: In a typical electrode preparation, 70 wt% of the active materials (CVO, CZVO or ZVO), 20 wt% of super P (TIMCAL), 5 wt% of sodium carboxymethyl cellulose (Aldrich, average Mw ≈ 250 000), and 5 wt% of poly(acrylic acid) (Aldrich, average Mw ≈ 450 000) were homogeneously mixed in water through ball milling at a frequency of 20 Hz for 10 min (concentration of the active material is 12.5 mg/mL).
The obtained slurries were transferred onto a titanium current collector followed by drying in a vacuum oven at 80 °C overnight. The typical mass loading of the active materials is while fixing the lattice size, and the additional stress by intercalation was calculated compared with the non-intercalated structures. We further minimized the stress of intercalated structures to obtain the volume change upon Na + insertion. The transport barrier of Na + ions in the transition metal vanadates was calculated using nudged elastic band (NEB) method. 9 To minimize the spurious interactions from neighboring periodic images, a 2×2×1supercell was used in the NEB 5 calculations in both CVO and ZVO systems, with a total number of 7 images along the diffusion path in < 10> direction. To reduce the computation expenses, the energies in the NEB simulations ̅ 1 were only evaluated at the Γ-point.
Operando XRD measurements: Operando XRD measurements were performed on a PANalytical
Empyrean diffractometer equipped with a Cu Kα X-ray tube (45 kV, 40 mA) using an in-housebuilt cell. The pattern collection time is around 15 min per scan (step size: 0.0263°/min). During the measurement, the cells were discharged and charged at current rates of 150 mA g −1 and 50 mA g −1 , respectively. and NaTi 2 (PO 4 ) 3 @graphene 16 ) Figure S12 . Galvanostatic charge-discharge profiles of CZVO at 3 A g −1 .
14 Figure S13 . CV curves of CZVO at sweep rates ranging from 0.1-1.0 mV s −1 . Figure S14 . XRD pattern of a blank operando cell.
